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After a brief history of two known types of neutrino mixing and oscillations, including neutrino
spin and spin-flavor oscillations in the transversal magnetic field, we perform a systematic study
of a new phenomenon of neutrino spin and spin-flavor oscillations engendered by the transversal
matter currents on the bases of the developed quantum treatment of the phenomenon. Possibilities
for the resonance amplification of these new types of oscillations by the longitudinal matter currents
and longitudinal magnetic fields are analyzed. Neutrino spin-flavor oscillations engendered by the
transversal matter currents in the case of nonstandard interactions of neutrinos with background
matter are also considered.
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I. INTRODUCTION
Neutrino mixing and oscillations are no doubt among
of the most exciting and intriguing phenomena of the
present fundamental physics. Being introduced into the
physics of elementary particles on the basis of sufficiently
general theoretical principles more than 60 years ago [1],
these phenomena over the past few decades not only
made it possible to obtain a solution to the problem of
solar and atmospheric neutrinos, but also marked the be-
ginning of a campaign into a new physics. There are two
principal types of neutrino oscillations: flavor and spin
oscillations. The former arise when there is an initial
inherent mixing of the mass states of the neutrinos, the
latter can occur due to the mixing of neutrinos with dif-
ferent polarizations when the magnetic moment of the
particle interacts with an external magnetic field.
In this paper, we consider in detail the new possibility
of the appearance of spin and spin-flavor neutrino oscilla-
tions engendered by weak interactions of neutrinos with
the medium in the case when there are the transversal
currents of matter. For the neutrino spin oscillations in
this case there is no need neither for a neutrino nonzero
magnetic moment nor for an external magnetic field pres-
ence.
For the first time the phenomenon of spin oscillations of
neutrinos due to weak interactions with the transversal
matter currents and/or the transversal polarization of
matter was considered in [2] (this possibility was also
mentioned in [3]). The existence of the discussed effect of
neutrino spin oscillations engendered by the transversal
matter current was confirmed in a series of recent papers
[4–8] where its possible impact in astrophysics was also
discussed.
Given these circumstances there is an urgent need for
a systematic and consistent presentation of the theory
of this new phenomenon. Indeed, the discussed neu-
2trino spin (and spin-flavor) oscillations engendered by the
transversal matter current is a new type of oscillations
that have never been discussed before the publication of
the paper [2]. Therefore, it would be useful to recall the
main points of the history of the neutrino oscillation phe-
nomena studies.
The paper is organized as follows. After a brief history
of neutrino mixing and oscillations, give in Sec. II, we
present in Sec. III the semiclassical and then quantum
treatment of the neutrino spin oscillations νLe ⇐ (j⊥)⇒
νRe engendered by the transversal matter currents and de-
rive the corresponding neutrino evolution Hamiltonian.
In Sec. IV the probability of the neutrino spin oscilla-
tions νLe ⇐ (j⊥, B⊥)⇒ νRe in the transversal matter cur-
rent and a constant magnetic field is derived. It is shown
that there are possibilities for the resonance amplifica-
tion of the considered spin oscillations νLe ⇐ (j⊥)⇒ νRe
engendered by the transversal matter current due to: (1)
the longitudinal matter currents, and (2) the longitudinal
magnetic field. In Sec. V the neutrino spin-flavor oscil-
lations νLe ⇐ (j⊥) ⇒ νRµ engendered by the transversal
matter current are considered and the resonance amplifi-
cation of the corresponding probability is discussed. The
neutrino spin-flavor oscillations νLe ⇐ (j⊥)⇒ νRµ engen-
dered by the transversal matter current with the non-
standard interactions are considered in Sec. VII.
II. A BRIEF HISTORY OF NEUTRINO MIXING
AND OSCILLATIONS
Neutrino flavor oscillations in vacuum and matter.
The story of the neutrino mixing and oscillations
started with two papers by Bruno Pontecorvo [1, 9] where
the above-mentioned effects have been discussed for the
first time. In [1] Pontecorvo has indicated that if the
neutrino charge were not conserved then the transition
between a neutrino and antineutrino would become possi-
ble in vacuum. In [9] Pontecorvo has even directly intro-
duced a phenomenon of neutrino mixing. He has written
the following.
”Neutrinos in vacuum can transform themselves into
antineutrino and vice versa. This means that neutrino
and antineutrino are particle mixtures. So, for example,
a beam of neutral leptons from a reactor which at first
consists mainly of antineutrinos will change its composi-
tion and at a certain distance R from the reactor will be
composed of neutrino and antineutrino in equal quanti-
ties.”
The paper [9] ends with the following statement.
“Under the above assumptions, effects of transforma-
tion of neutrino into antineutrino and vice versa may be
unobservable in the laboratory because of large value of
R, but will certainly occur, at least, on an astronomic
scale.”
A brief history of neutrino mixing and oscillations can
be found in [10]. In 1962, just after the discovery of the
second flavor neutrino, the effect of neutrino mixing was
discussed in [11] where the fields of the weak neutrinos
νe and νµ were connected with the neutrinos mass states
ν1 and ν2 by the unitary mixing matrix U that can be
parametrized by the mixing angle θ and
νe = ν1 cos θ + ν2 sin θ, νµ = −ν1 sin θ + ν2 cos θ. (1)
The theory of neutrino mixing and oscillations was fur-
ther developed in [12, 13] with actual calculations of neu-
trino beam evolution. In [14] the effect of neutrino in-
teraction with matter of a constant density on neutrino
flavor mixing and oscillations was investigated. The ex-
istence of resonant amplification of neutrino mixing (the
MSW effect) when a neutrino flux propagates through a
medium with varying density was predicted in [15].
The tedious studies, both experimental and theoreti-
cal, over the past 60 years has been honored by the Nobel
Prize of 2015 awarded to Arthur McDonald and Takaaki
Kajita for the discovery of neutrino oscillations, which
shows that neutrinos have mass.
Neutrino spin oscillations in magnetic fields.
The straightforward consequence of neutrino nonzero
mass is the prediction [16] that neutrinos can have
nonzero magnetic moments. Studies of neutrino mag-
netic moments and the related phenomena attract a rea-
sonable interest in literature. The values of neutrino
magnetic moments are constrained in the terrestrial lab-
oratory experiments and in the astrophysical considera-
tions (see, for instance, [17] and [18]).
Massive neutrinos participate in electromagnetic in-
teractions. The recent review on this topic is given in
[19] (the upgrade can be found in [20]). One of the
most important phenomena of nontrivial neutrino elec-
tromagnetic interactions is the neutrino magnetic mo-
ment precession and the corresponding spin oscillations
in the presence of external electromagnetic fields. The
later effect has been studied in numerous papers pub-
lished during several passed decades.
Within this scope the neutrino spin oscillations
νL ⇔ νR induced by the neutrino magnetic moment in-
teraction with the transversal magnetic field B⊥ was first
considered in [21]. Then spin-flavor oscillations νLe ⇔ νRµ
in B⊥ in vacuum were discussed in [22], the importance
of the matter effect was emphasized in [23]. The effect of
the resonant amplification of neutrino spin oscillations in
B⊥ in the presence of matter was proposed in [24, 25],
the impact of the longitudinal magnetic field B|| was dis-
cussed in [26]. The neutrino spin oscillations in the pres-
ence of constant twisting magnetic field were considered
in [27–32].
Recently a new approach to the description of neutrino
spin and spin-flavor oscillations in the presence of an ar-
bitrary constant magnetic field have been developed [32–
34]. Within the new approach exact quantum stationary
states are used for classification of neutrino spin states,
rather than the neutrino helicity states that have been
used for this purpose within the customary approach in
many published papers. Recall that the helicity states
are not stationary in the presence of a magnetic field. It
has been shown [34], in particular, that in the presence of
the transversal magnetic field for a given choice of param-
3eters (the energy and magnetic moments of neutrinos and
strength of the magnetic field) the amplitude of the flavor
oscillations νLe ⇔ νLµ at the vacuum frequency is modu-
lated by the magnetic field frequency. Similar results on
the important influence of the transversal magnetic field
on amplitudes of various types of neutrino oscillations
were obtained earlier [35] on the basis of the exact solu-
tion of the effective equation for neutrino evolution in the
presence of a magnetic field and matter, which accounts
for four neutrino species corresponding to two different
flavor states with positive and negative helicities.
In [36] neutrino spin oscillations were considered in the
presence of arbitrary constant electromagnetic fields Fµν .
Neutrino spin oscillations in the presence of the field of
circular and linearly polarized electromagnetic waves and
superposition of an electromagnetic wave and constant
magnetic field were considered in [37–39].
The more general case of neutrino spin evolution in the
case when the neutrino is subjected to general types of
non-derivative interactions with external scalar s, pseu-
doscalar pi, vector Vµ, axial-vector Aµ, tensor Tµν and
pseudotensor Πµν fields was considered in [40]. From
the general neutrino spin evolution equation, obtained
in [40], it follows that neither scalar s nor pseudoscalar
pi nor vector Vµ fields can induce neutrino spin evolu-
tion. On the contrary, within the general consideration
of neutrino spin evolution it was shown that electromag-
netic (tensor) and weak (axial-vector) interactions can
contribute to the neutrino spin evolution.
Recently we have considered in detail [33, 41] neutrino
mixing and oscillations in the arbitrary constant mag-
netic field that haveB⊥ andB|| nonzero components and
derived an explicit expressions for the effective neutrino
magnetic moments for the flavor neutrinos in terms of
the corresponding magnetic moments introduced in the
neutrino mass basis.
III. NEUTRINO SPIN OSCILLATIONS
νLe ⇐ (j⊥) ⇒ ν
R
e ENGENDERED BY
TRANSVERSAL MATTER CURRENTS
For many years, until 2004, it was believed that a neu-
trino helicity precession and the corresponding spin oscil-
lations can be induced by the neutrino magnetic interac-
tions with an external electromagnetic field that provided
the existence of the transversal magnetic field component
B⊥ in the particles rest frame. A new and very interest-
ing possibility for neutrino spin (and spin-flavor) oscilla-
tions engendered by the neutrino interaction with matter
background was proposed and investigated for the first
time in [2]. It was shown [2] that neutrino spin oscilla-
tions can be induced not only by the neutrino interaction
with a magnetic field, as it was believed before, but also
by neutrino interactions with matter in the case when
there is a transversal matter current or matter polariza-
tion. This new effect has been explicitly highlighted in
[2].
“The possible emergence of neutrino spin oscillations
owing to neutrino interaction with matter under the con-
dition that there exists a nonzero transverse current com-
ponent or matter polarization is the most important new
effect that follows from the investigation of neutrino-spin
oscillations in Sec. IV. So far, it has been assumed
that neutrino-spin oscillations may arise only in the case
where there exists a nonzero transverse magnetic field in
the neutrino rest frame.”
For historical notes reviewing studies of the discussed
effect, see in [42, 43]. It should be noted that the pre-
dicted effect exists regardless of the composition of the
background matter transversal current and the source of
its possible polarization (that can be a background mag-
netic field, for instance).
Note that the existence of the discussed effect of neu-
trino spin oscillations engendered by the transversal mat-
ter current and its possible impact in astrophysics was
confirmed in a series of recent papers [4–7]. In the most
recent paper [8] it has been pointed out that the effect of
neutrino spin conversion from left-handed helicity states
to right-handed helicity states in the absence of a mag-
netic field or a large magnetic moment (that was first
predicted in [2]) would be present in a supernova envi-
ronment.
III.1. Semiclassical treatment
Following the discussion in [2] consider, as an exam-
ple, an electron neutrino spin precession in the case when
neutrinos with the Standard Model interaction are prop-
agating through moving and polarized matter composed
of electrons (electron gas) in the presence of an electro-
magnetic field given by the electromagnetic-field tensor
Fµν = (E,B). To derive the neutrino spin oscillation
probability in the transversal matter current we use the
generalized Bargmann-Michel-Telegdi equation that de-
scribes the evolution of the three-dimensional neutrino
spin vector S,
dS
dt
=
2
γ
[
S × (B0 +M0)
]
, (2)
where the magnetic field B0 in the neutrino rest frame
is determined by the transversal and longitudinal (with
respect to the neutrino motion) magnetic and electric
field components in the laboratory frame,
B0 = γ
(
B⊥ +
1
γ
B‖ +
√
1− γ−2
[
E⊥ × β
β
])
, (3)
γ = (1 − β2)− 12 , β is the neutrino velocity. The matter
term M0 in Eq. (2) is also composed of the transversal
M0‖ and longitudinal M0⊥ parts,
M0 =M0‖ +M0⊥ , (4)
4M0‖ = γβ
n0√
1− v2e
{
ρ(1)e
(
1− veβ
1− γ−2
)}
−
− ρ
(2)
e
1− γ−2
{
ζeβ
√
1− v2e +
(
ζeve
(βve)
1 +
√
1− v2e
)}
,
(5)
M0⊥ = −
n0√
1− v2e
{
ve⊥
(
ρ(1)e +
+ρ
(2)
e
(ζeve)
1+
√
1−v2e
)
+ ζe⊥ρ
(2)
e
√
1− v2e
}
.
(6)
Here n0 = ne
√
1− v2e is the invariant number den-
sity of matter given in the reference frame for which
the total speed of matter is zero. The vectors ve, and
ζe (0 ≤ |ζe|2 ≤ 1) denote, respectively, the speed of
the reference frame in which the mean momentum of
matter (electrons) is zero, and the mean value of the
polarization vector of the background electrons in the
above-mentioned reference frame. The coefficients ρ
(1,2)
e
calculated within the extended Standard Model sup-
plied with SU(2)-singlet right-handed neutrino νR are,
respectively, ρ
(1)
e =
G˜F
2
√
2µ
and ρ
(2)
e = − GF2√2µ , where
G˜F = GF (1 + 4 sin
2 θW ).
For neutrino evolution between two neutrino states
νLe ⇔ νRe in the presence of the magnetic field and mov-
ing matter we get [2] the following equation:
i
d
dt
(
νLe
νRe
)
= µ
( 1
γ
∣∣M0‖ +B0‖∣∣ ∣∣B⊥ + 1γM0⊥∣∣∣∣B⊥ + 1γM0⊥∣∣ − 1γ |M0‖ +B0‖∣∣
)(
νLe
νRe
)
.
(7)
Thus, the probability of the neutrino spin oscillations in
the adiabatic approximation is given by [2]
PνLe →νRe (x) = sin
2 2θeff sin
2 pix
Leff
,
sin2 2θeff =
E2eff
E2eff +∆
2
eff
, (8)
Leff =
pi√
E2eff +∆
2
eff
,
where
Eeff = µ
∣∣B⊥ + 1
γ
M0⊥
∣∣,
∆eff =
µ
γ
∣∣M0‖ +B0‖∣∣. (9)
Thus, it follows that even without the presence of an
electromagnetic field, B⊥ = B0‖ = 0, neutrino spin oscil-
lations νLe ⇔ νRe can be induced in the presence of matter
when the transverse matter termM0⊥ is not zero. If we
neglect possible effects of matter polarization then the
neutrino evolution equation (7) simplifies to
i
d
dt
(
νLe
νRe
)
=
µ
γ
(
M0‖ M0⊥
M0⊥ −M0‖
)(
νLe
νRe
)
, (10)
where
M0‖ = γβρ
(1)
e
(
1− veβ
1− γ−2
)
n0√
1− v2e
,
M0⊥ = −ρ(1)e ve⊥ n0√1−v2e .
(11)
The effective mixing angle and oscillation length in the
neutrino spin oscillation probability (8) now are given by
sin2 2θeff =
M20⊥
M20‖ +M
2
0⊥
, Leff =
pi
µM0
γ. (12)
The above considerations can be applied to other types
of neutrinos and various matter compositions. It is also
obvious that for neutrinos with nonzero transition mag-
netic moments a similar effect for spin-flavor oscillations
exists under the same background conditions.
III.2. Quantum treatment
Here below we continue our studies of the effect of
neutrino spin evolution induced by the transversal mat-
ter currents and develop a consistent derivation (see also
[44, 45]) of the effect based on the direct calculation of
the spin evolution effective Hamiltonian in the case when
a neutrino is propagating in the transversal currents of
matter.
Consider two flavor neutrinos with two possible helic-
ities νf = (ν
+
e , ν
−
e , ν
+
µ , ν
−
µ )
T in moving matter composed
of neutrons. The neutrino interaction Lagrangian reads
Lint = −fµ
∑
l
ν¯l(x)γµ
1 + γ5
2
νl(x) =
= −fµ
∑
i
ν¯i(x)γµ
1 + γ5
2
νi(x),
fµ = −GF√
2
n(1,v), (13)
where l = e, or µ indicates the neutrino flavor, i = 1, 2
indicates the neutrino mass state and the matter poten-
tial fµ depends on the neutron number density in the
laboratory reference frame n = n0√
1−v2 and on the veloc-
ity of matter v = (v1, v2, v3). Each of the flavor neutrinos
is a superposition of the neutrino mass states,
ν±e = ν
±
1 cos θ + ν
±
2 sin θ, ν
±
µ = −ν±1 sin θ + ν±2 cos θ.
(14)
The neutrino evolution equation in the flavor basis is
i
d
dt
νf =
(
H0 +∆HSM
)
νf , (15)
where the first term H0 of the effective Hamiltonian de-
termines the neutrino evolution in nonmoving matter.
The second term ∆HSM accounts for the effect of mat-
ter motion and it can be expressed as (see also [44, 45])
∆HSM =

∆++ee ∆
+−
ee ∆
++
eµ ∆
+−
eµ
∆−+ee ∆
−−
ee ∆
−+
eµ ∆
−−
eµ
∆++µe ∆
+−
µe ∆
++
µµ ∆
+−
µµ
∆−+µe ∆
−−
µe ∆
−+
µµ ∆
−−
µµ
 , (16)
5where
∆ss
′
kl = 〈νsk|∆HSM |νs
′
l 〉, k, l = e, µ, s, s′ = ±. (17)
From (13) it follows that
∆HSM =
GF
2
√
2
n
(
1 + γ5
)
vγ, vγ = v1γ1 + v2γ2 + v3γ3.
(18)
In evaluation of ∆ss
′
kl we have first introduced the neu-
trino flavor states νsk and ν
s′
l as superpositions of the
mass states ν±1,2. Then, using the exact free neutrino
mass states spinors,
νsα = Cα
√
Eα +mα
2Eα
(
usα
σpα
Eα+mα
usα
)
eipαx, α = 1, 2,
(19)
where the two-component spinors usα,
us=1α =
(
1
0
)
, us=−1α =
(
0
1
)
, (20)
define neutrino helicity states, we have performed cal-
culations that are analogous to those performed in [41].
The difference in calculations is that here we consider
not electromagnetic neutrino interaction with a mag-
netic field but the neutrino weak interaction with mov-
ing matter given by (16). For the typical term ∆ss
′
αα′ =
〈νsα|∆HSM |νs
′
α′〉, which by fixing proper values of α, s, α′
and s′ can reproduce all of the elements of the neutrino
evolution Hamiltonian ∆Heff that accounts for the ef-
fect of matter motion, we obtain (see also [44, 45])
∆ss
′
αα′ =
GF
2
√
2
n0√
1− v2
{
usα
T
[(
1− σ3
)
v‖ +
+
(
γαα′
−1σ1 + iγ˜−1αα′σ2
)
v⊥
]
us
′
α′
}
δα
′
α , (21)
where v‖ and v⊥ are the longitudinal and transversal ve-
locities of the matter current and
γαα′
−1 =
1
2
(
γ−1α + γ
−1
α′
)
,
γ˜−1αα′ =
1
2
(
γ−1α − γ−1α′
)
,
γ−1α =
mα
Eα
. (22)
Recalling expressions for the Pauli matrixes,
σ3 =
(
1 0
0 −1
)
, σ1 =
(
0 1
1 0
)
, σ2 = i
(
0 −1
1 0
)
, (23)
we get (see also [44, 45])
∆ss
′
αα′ =
GF
2
√
2
n0√
1− v2
{
usα
T
[(
0 0
0 2
)
v‖ +
(
0 γ−1α
γ−1α′ 0
)
v⊥
]
us
′
α′
}
δα
′
α . (24)
The obtained general expression (24) can be used for
investigations of various types of neutrino spin oscilla-
tions in the transversal matter currents considered in
the neutrino mass basis. It confirms our prediction [2]
that there are the effect of the neutrino spin conversion
and corresponding spin oscillations engendered by the
interaction with the transversal current of matter. It is
also clear that the corresponding effect engendered by
the transversal polarization of matter can be treated in
much the same way.
On the basis of Eq. (24) and using the relation (14)
between neutrino mass ν±α and flavor ν
±
l states it is pos-
sible to bring our considerations to observational terms
and study neutrino oscillations in the flavor basis νsf . The
neutrino flavor and mass states are connected by the neu-
trino mixing matrix,
νf = Uνα, (25)
for which in the considered case we have
U =
 cos θ 0 sin θ 00 cos θ 0 sin θ− sin θ 0 cos θ 0
0 − sin θ 0 cos θ
 . (26)
The corresponding neutrino evolution equation is
i
d
dt
νf = H
f
v νf , (27)
where the effective Hamiltonian is given by Hfv = UHU
†
and can be directly calculated using Eq. (26).
However, it is possible to get a general structure of the
effective evolution Hamiltonian for the flavor neutrino
using results of our previous studies [33, 41] of neutrino
oscillations in the arbitrary magnetic field B = B‖+B⊥.
For evaluation of the flavor neutrino oscillation in an arbi-
trary moving matter that is characterized by the current
j = j‖ + j⊥ we consider results for the flavor neutrino
oscillations in the magnetic field B and account for sim-
ilarity of the correspondence between the neutrino mag-
netic moment to magnetic field interaction Hamiltonian
HB,
HB = −µαα′ ν¯α′ΣBνα +H.c., Σi =
(
σi 0
0 σi
)
, (28)
and the neutrino to moving matter interaction Hamilto-
nian Hv
Hv = G˜nν¯α′vγνα, G˜ =
GF
2
√
2
. (29)
6Here n = n0√
1−v2 = n0γn, n0 is the invariant density
of matter composed of neutrons. For the flavor neu-
trino evolution Hamiltonian in the magnetic field HfB =
UHBU
† we have [33, 41, 46]
HfB =

−(µγ )eeB|| µeeB⊥ −(µγ )eµB|| µeµB⊥
µeeB⊥ (µγ )eeB|| µeµB⊥ (
µ
γ )eµB||
−(µγ )eµB|| µeµB⊥ −(µγ )µµB|| µµµB⊥
µeµB⊥ (µγ )eµB|| µµµB⊥ (
µ
γ )µµB||
 ,
(30)
where the following notations are used(µ
γ
)
ee
=
µ11
γ11
cos2 θ +
µ22
γ22
sin2 θ +
µ12
γ12
sin 2θ,(µ
γ
)
eµ
=
µ12
γ12
cos 2θ +
1
2
(µ22
γ22
− µ11
γ11
)
sin 2θ, (31)(µ
γ
)
µµ
=
µ11
γ11
sin2 θ +
µ22
γ22
cos2 θ − µ12
γ12
sin 2θ,
µee = µ11 cos
2 θ + µ22 sin
2 θ + µ12 sin 2θ,
µeµ = µ12 cos 2θ +
1
2
(µ22 − µ11) sin 2θ, (32)
µµµ = µ11 sin
2 θ + µ22 cos
2 θ − µ12 sin 2θ.
For the flavor neutrino evolution Hamiltonian in
moving matter Hfv = UHvU
† we get
Hfv = nG˜

0 ( ηγ )eev⊥ 0 (
η
γ )eµv⊥
( ηγ )eev⊥ 2ηee(1− v‖) ( ηγ )eµv⊥ ηeµ
0 ( ηγ )eµv⊥ 0 (
η
γ )µµv⊥
( ηγ )eµv⊥ ηeµ (
η
γ )µµv⊥ 2ηµµ(1− v‖)
 , (33)
where ηγ and η are given by( η
γ
)
ee
=
(µ
γ
)
ee|µ11=µ22=1, µ12=0
=
cos2 θ
γ11
+
sin2 θ
γ22
, (34)
(η
γ
)
µµ
=
(µ
γ
)
µµ|µ11=µ22=1, µ12=0
=
sin2 θ
γ11
+
cos2 θ
γ22
, (35)
(η
γ
)
eµ
=
(µ
γ
)
eµ|µ11=µ22=1, µ12=0
=
sin 2θ
γ˜21
, (36)
ηee = µee|µ11=µ22=1, µ12=0 = 1, (37)
ηµµ = µµµ|µ11=µ22=1, µ12=0 = 1, (38)
ηeµ = µeµ|µ11=µ22=1, µ12=0 = 0 (39)
if one sets µ11 = µ22 = 1, µ12 = 0 in Eqs. (31) and (32).
From the above consideration it follows that neutrino
spin oscillations can be engendered by the magnetic mo-
ment interactions with the transversal magnetic field B⊥
as well as by the neutrino weak interactions with the
transversal matter current j⊥.
IV. PROBABILITY OF NEUTRINO SPIN
OSCILLATIONS νLe ⇐ (j⊥, B⊥) ⇒ ν
R
e
ENGENDERED BY TRANSVERSAL MATTER
CURRENT AND MAGNETIC FIELD
Consider the initial neutrino state νLe moving in the
background with the magnetic field B = B‖ +B⊥ and
nonzero matter current j = j‖ + j⊥.One of the possible
modes of neutrino transitions with the change of helicity
is νLe ⇐ (j⊥, B⊥) ⇒ νRe . The corresponding oscillations
are governed by the evolution equation
i
d
dt
(
νLe
νRe
)
=
(
(µγ )eeB|| + ηeeG˜n(1− vβ)
µeeB⊥ + ( ηγ )eeG˜nv⊥
µeeB⊥ + ( ηγ )eeG˜nv⊥
−(µγ )eeB|| − ηeeG˜n(1− vβ)
)(
νLe
νRe
)
. (40)
For the oscillation νLe ⇐ (j⊥, B⊥) ⇒ νRe probability we
get
PνLe →νRe (x) =
E2eff
E2eff +∆
2
eff
sin2
pix
Leff
,
Leff =
pi√
E2eff +∆
2
eff
, (41)
where
Eeff =
∣∣∣µeeB⊥ + (η
γ
)
ee
G˜nv⊥
∣∣∣,
∆eff =
∣∣∣(µ
γ
)
ee
B|| + ηeeG˜n(1− vβ)β
∣∣∣. (42)
7In the next section we estimate values of the cor-
responding parameters that characterize the properties
of neutrinos, the background matter and the magnetic
field for which neutrino spin oscillations νLe ⇐ (j⊥) ⇒
νRe , engendered by neutrino weak interactions with the
transversal matter current, can proceed with significant
probability.
IV.1. Resonance amplification of neutrino spin
oscillations νLe ⇐ (j⊥) ⇒ ν
R
e by longitudinal matter
current
We are interested in the situation when the amplitude
of oscillations sin2 2θeff in (41) is not small and we use
the criterion based on the demand that
sin2 2θeff =
E2eff
E2eff +∆
2
eff
≥ 1
2
, (43)
which is provided by the condition Eeff ≥ ∆eff .
At first we consider the case when the effect of mag-
netic field is negligible and thus we have
Eeff =
∣∣∣(η
γ
)
ee
G˜nv⊥
∣∣∣, ∆eff = ∣∣∣G˜n(1− vβ)β∣∣∣ (44)
and the oscillation length is given by
Leff =
pi
( ηγ )eeG˜nv⊥
. (45)
From the condition Eeff ≥ ∆eff it follows that(η
γ
)
ee
v⊥ ≥ (1 − vβ). (46)
In the further evaluations we suppose that ∆m = m2 −
m1 ≪ m1, m2, and introduce the neutrino effective
gamma-factor γν
1
γν
=
1
γ11
∼ 1
γ22
. (47)
Then the condition (46) reduces to
v⊥
γν
≥ (1 − vβ). (48)
Assuming neutrino massesm1, m2 ∼ 0.1 eV, for a typical
neutrino energy pν0 ∼ 10 MeV we find γν ∼ 107. Consider
the case when neutrinos are more relativistic particles
than the background matter neutrons (γν ≫ γn), then
from (48) we get
1
γν
≥ 1
γ2n
. (49)
The latter condition can be valid for ultrarelativistic
background matter with γn ≥ γν1/2 ∼ 3 × 103. At the
same time the oscillation length Leff given by (45) can be
Leff ∼ 50 km in the case n ∼ 1037 cm3 and γn ∼ 3×103.
IV.2. Resonance amplification of neutrino spin
oscillations νLe ⇐ (j⊥) ⇒ ν
R
e by longitudinal magnetic
field
The presence of the longitudinal magnetic field B|| can
also have an important impact on the criterion (90). In
the previous consideration the diminishing value of ∆eff
is attained by the vanishing value of (1 − vβ). Now we
consider reduction of the term G˜n(1−vβ) in ∆eff given
by (42) due to the contribution of (µγ )eeB||. This possi-
bility can be realized when B||β = −1. An environment
we are considering can be realized by models of short
gamma-ray bursts (sGRB) (see [47] and [48]). Consider
the neutrino νe escaping the central neutron star with
inclination given by an angle α from the plane of the ac-
cretion disk. Then this neutrino propagates through the
toroidal bulk of very dense matter that rotates with the
angular velocity of about ω = 103 s−1 around the axis
that is perpendicular to the accretion disk. The diameter
of the perpendicular cut of the toroidal bulk of matter is
about d ∼ 20 km and the distance from the centre of
this cut to the centre of the neutron star is also about
D ∼ 20 km. The transversal velocity of matter can be es-
timated accordingly v⊥ = ωD = 0.067 that corresponds
to γn = 1.002.
Suppose that the direction of the neutrino propagation
is characterized by sinα ∼ 12 . If there is a magnetic field
B perpendicular to the accretion disk then there is the
longitudinal field in respect to the neutrino propagation
B|| = B sinα ∼ 12B.
In the straightforward analysis we are particularly in-
terested in the conversion νLe ⇐ (j⊥) ⇒ νRe engendered
by interactions with the transversal matter current j⊥.
Therefore we omit the possible effect of the neutrino mag-
netic moment interaction with the transversal magnetic
field µeeB⊥ in (42) and get
Eeff =
(η
γ
)
ee
G˜nv⊥ =
cos2 θ
γ11
G˜nv⊥ ≈ G˜n0 γn
γν
v⊥. (50)
In the considered geometry vβ = 0 and for ∆eff we use
the relation
∆eff =
∣∣∣(µ
γ
)
ee
B|| + ηeeG˜nβ
∣∣∣ =
=
∣∣∣B||(µ11
γ11
cos2 θ +
µ22
γ22
sin2 θ
)
+ G˜nβ
∣∣∣
≈
∣∣∣µ11
γν
B|| − G˜n0γn
∣∣∣. (51)
From the demand Eeff > ∆eff we get∣∣∣ µ11B||
G˜n0γn
− γν
∣∣∣ ≤ 1. (52)
Thus, the criterion (90) is fulfilled if the the longitudinal
magnetic field is
B|| = Bcr|| ∼ γnγν
G˜n0
µ11
. (53)
8From the obtained estimation of the critical strength
Bcr|| of the longitudinal magnetic field B|| follows its im-
portant dependence on the matter density n0. If one
takes an estimation for the neutrino magnetic moment
µ11 ∼ 3× 10−11µB and γν = 2 × 107 then in the case of
very low matter density n0 ∼ 1023 cm−3 the critical field
is Bcr|| ∼ 8×10−3B0, where B0 = m
2
e
e0
= 4.41×1013 Gauss.
For higher densities n0 ∼ 1036 cm−3 we get Bcr|| ∼ 1024
Gauss that is of the order of the critical field strength
BW =
m2W
e0
where a component of the W-field becomes
tachyonic (see [49] and references therein).
From these estimations it would seem that in order to
get a reasonable reduction of the term G˜n(1 − vβ) in
∆eff given by (42) due to the contribution of (
µ
γ )eeB||
the matter density should not be too high to avoid a de-
mand for extremely strong magnetic fields. However, one
should also consider the scale of the effective oscillation
length whose value in the case of the resonance ∆eff → 0
is given by (45). Even for the case n0 ∼ 1036 cm−3 the
effective length is still extremely large Leff ∼ 300 km,
which makes a hypothetically interesting possibility of
the resonant amplification of spin oscillations due to the
longitudinal component of the magnetic field unattain-
able.
V. NEUTRINO SPIN-FLAVOR OSCILLATIONS
νLe ⇐ (j⊥) ⇒ ν
R
µ ENGENDERED BY
TRANSVERSAL MATTER CURRENT
Here below we consider another interesting con-
sequence of neutrino standard interaction with the
transversal matter current that produces the neutrino
spin precession and oscillations accompanying in addi-
tion with the change of the neutrino flavor. These ef-
fects are similar to the neutrino spin-flavor oscillations in
the transversal magnetic field which, as it was shown in
[24, 25], can be amplified by the resonance in the presence
of matter.
For the considered case of νLe ⇐ (j⊥B⊥) ⇒ νRµ from
(30) and (33) we get the following neutrino evolution
equation
i
d
dt
(
νLe
νRµ
)
=
(
−∆M + (µγ )eeB|| + G˜n(1− vβ)
µeµB⊥ + ( ηγ )eµG˜nv⊥
µeµB⊥ + ( ηγ )eµG˜nv⊥
∆M − (µγ )µµB|| − G˜n(1 − vβ)
)(
νLe
νRµ
)
, (54)
where
∆M =
∆m2 cos 2θ
4pν0
, (55)
and pν0 is neutrino energy. For the oscillation ν
L
e ⇐
(j⊥)⇒ νRµ probability we get
PνLe →νRµ (x) = sin
2 2θeff sin
2 pix
Leff
,
sin2 2θeff =
E2eff
E2eff +∆
2
eff
,
Leff =
pi√
E2eff +∆
2
eff
, (56)
where
Eeff =
∣∣∣µeµB⊥ + ( η
γ
)
eµ
G˜nv⊥
∣∣∣,
∆eff =
∣∣∣∆M − 1
2
(µ11
γ11
+
µ22
γ22
)
B‖ − G˜n(1− vβ)
∣∣∣.(57)
From (57) it follows that the value of ∆eff can be
diminished by both the neutrino interaction with the
longitudinal magnetic field and also by the effect of
interaction with matter.
VI. RESONANCE AMPLIFICATION OF
NEUTRINO SPIN-FLAVOR OSCILLATIONS
νLe ⇐ (j⊥) ⇒ ν
R
µ
We are again interested in the situation when the am-
plitude of oscillations sin2 2θeff in (56) is not small and
we use the criterion based on the demand that
sin2 2θeff =
E2eff
E2eff +∆
2
eff
≥ 1
2
, (58)
which is provided by the condition Eeff ≥ ∆eff . Thus
we get the condition ∣∣∣µeµB⊥ + ( η
γ
)
eµ
G˜nv⊥
∣∣∣ ≥
≥
∣∣∣∆M − 1
2
(µ11
γ11
+
µ22
γ22
)
B‖ − G˜n(1− vβ)
∣∣∣. (59)
Consider the case when the effect of the magnetic field is
negligible, thus we get∣∣∣(η
γ
)
eµ
G˜nv⊥
∣∣∣ ≥ ∣∣∣∆M − G˜n(1− vβ)∣∣∣. (60)
The effective oscillation length read
Leff =
pi(
η
γ
)
eµ
G˜nv⊥
. (61)
In the further evaluations we use the approximation( η
γ
)
eµ
≈ sin 2θ
γν
, (62)
9and get the resonance condition in the form
G˜nv⊥
γν
sin 2θ + G˜n(1− vβ) ≥ ∆M. (63)
In the case v‖ = 0 we get
G˜nv⊥
γν
sin 2θ + G˜n ≈ G˜n. (64)
Finally, the criterion (58) is fulfilled when the following
condition is valid
G˜n ≥ ∆M. (65)
Consider again an environment peculiar to models of
short gamma-ray bursts discussed in Sec. IV.2 (see also
[47] and [48]). The mass squared difference and mixing
angle are taken from the solar neutrino measurements,
∆m2 = 7.37× 10−5 eV2, sin2 θ = 0.297 (cos 2θ = 0.406)
[50]. Consider neutrino with energy pν0 = 10
6 eV and
moving matter characterized by γn = 1.002. Thus, we
get
∆M = 0.75× 10−11eV. (66)
Accounting for the estimation
G˜ =
GF
2
√
2
= 0.4× 10−23 eV−2, (67)
from the criterion (65) we get the quite reasonable con-
dition on the density of neutrons
n0 ≥ ∆M
G˜
= 1012 eV 3 ≈ 1026 cm−3. (68)
The corresponding oscillation length is approximately
Leff =
pi
( ηγ )eµG˜nv⊥
≈ 5× 1011 km. (69)
The oscillation length can be within the scale of short
gamma-ray bursts discussed in Sec. IV.2
Leff ≈ 10 km (70)
if the matter density equals n0 ≈ 5× 1036 cm−3.
VII. NEUTRINO SPIN-FLAVOR
OSCILLATIONS νLe ⇐ (j⊥) ⇒ ν
R
µ ENGENDERED
BY NONSTANDARD INTERACTIONS
Quite recently [51] it has been shown that nonstan-
dard interactions (NSI) of neutrinos with matter [52–54]
can significantly alter neutrino flavor evolution in super-
novae with the potential to impact explosion dynamics,
nucleosynthesis, and the neutrinos signal.
Obviously, neutrino spin oscillations can be also en-
gendered by NSI of neutrinos with the transversal matter
currents.
The effect of nonstandard interactions is usually
parametrized by a set of matrices that introduce new
contributions to the matter potential of neutrinos. The
strength of this new potential is dependent on constituent
of the matter and can also contain off-diagonal con-
tributions known as flavor changing neutral currents.
Thus, the neutrino spin-flavor oscillations, for instance
νLe ⇐ (j⊥) ⇒ νRµ , can be engendered by the nonstan-
dard interactions with the transversal matter current.
From the Lagrangian of NSI [52–54]
−LeffNSI = εfPαβ 2
√
2GF (ν¯αγρLνβ)(f¯ γ
ρPf),
L,R = (1± γ5)/2 (71)
(where f = u, d, e and α, β = e, µ) for the medium with
only neutrons one gets
−LeffNSI = −fµ
∑
α,β
(εuLαβ + 2ε
dL
αβ)ν¯α(x)γµ
1 + γ5
2
νβ(x) =
= −fµ
∑
α,β
εnαβ ν¯α(x)γµ
1 + γ5
2
νβ(x), (72)
where the notation is introduced
εnαβ = ε
uL
αβ + 2ε
dL
αβ. (73)
The neutrino evolution equation with standard and non-
standard interactions in the flavor basis is
i
d
dt
νf =
(
H0 +∆HSM +∆HNSI
)
νf . (74)
Accounting for the neutrino mixing, contributions to
the sum (72) can be expressed in terms of the neutrino
mass states. For the characteristic contributions in (72)
we get the following expressions (Γµ = γµ
1+γ5
2 ):
εneeν¯
s
eΓ
λνs
′
e = ε
n
ee(ν¯
s
1Γ
λνs
′
1 cos
2 θν¯s2Γ
λνs
′
2 sin
2 θ +
+
1
2
(ν¯s1Γ
λνs
′
2 + ν¯
s
2Γ
λνs
′
1 ) sin 2θ), (75)
εnµµν¯
s
µΓ
λνs
′
µ = ε
n
µµ(ν¯
s
1Γ
λνs
′
1 sin
2 θ + ν¯s2Γ
λνs
′
2 cos
2 θ −
− 1
2
(ν¯s1Γ
λνs
′
2 + ν¯
s
2Γ
λνs
′
1 ) sin 2θ), (76)
εneµν¯
s
eΓ
λνs
′
µ = ε
n
eµ(−ν¯s2Γλνs
′
1 sin
2 θ + ν¯s1Γ
λνs
′
2 cos
2 θ −
− 1
2
(ν¯s1Γ
λνs
′
1 − ν¯s2Γλνs
′
2 ) sin 2θ), (77)
εnµeν¯
s
µΓ
λνs
′
e = ε
n
µe(ν¯
s
2Γ
λνs
′
1 cos
2 θ − ν¯s1Γλνs
′
2 sin
2 θ −
− 1
2
(ν¯s1Γ
λνs
′
1 − ν¯s2Γλνs
′
2 ) sin 2θ). (78)
The matrix elements of the NSI contribution to the
evolution Hamiltonian can be calculated accounting for
(75)-(78) and, as it is described in Sec. III.2, in the neu-
trino mass basis using the vacuum neutrino wave func-
tions given by (19). Note that the evolution equation in
the neutrino mass basis, accounting only for the NSI, is
i
d
dt
νsα =
(
Hm0 +∆H
m
NSI
)
νsα. (79)
Here Hm0 is the neutrino evolution Hamiltonian for the
mass states in vacuum, α = 1, 2 and s = ±1, and
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∆HmNSI = G˜n×

0 v⊥γ11 e11 0
v⊥
γ11
e12
v⊥
γ11
e11 2(1− v‖)e11 v⊥γ22 e12 2(1− v‖)e12
0 v⊥γ22 e12 0
v⊥
γ22
e22
v⊥
γ11
e12 2(1− v‖)e12 v⊥γ22 e22 2(1− v‖)e22
 , (80)
where
e11 = ε
n
ee cos
2 θ + εnµµ sin
2 θ − εneµ sin 2θ, (81)
e12 =
1
2
(εnee − εnµµ) sin 2θ + εneµ cos 2θ, (82)
e22 = ε
n
ee sin
2 θ + εnµµ cos
2 θ + εneµ sin 2θ. (83)
Summing up three contributions to the neutrino
Hamiltonian in (79) for the neutrino spin-flavor oscilla-
tions νLe ⇐ (j⊥)⇒ νRµ , we get
i
d
dt
(
νLe
νRµ
)
=
(
−∆M + (µγ )eeB|| + 2G˜n(1− vβ)(1 + ε˜ee)
µeµB⊥ + ( ηγ )eµG˜nv⊥(1 + ε˜eµ)
µeµB⊥ + ( ηγ )eµG˜nv⊥(1 + ε˜eµ)
∆M − (µγ )µµB||
)(
νLe
νRµ
)
, (84)
where
ε˜ee = h22 cos
2 θ + h44 sin
2 θ + h24 sin 2θ, (85)
ε˜eµ = −h14
γ11
sin2 θ +
h23
γ22
cos2 θ +
1
2
(h34
γ22
− h12
γ11
)
sin 2θ.
(86)
Note that in the neutrino spin-flavor evolution equa-
tion (84) the standard and nonstandard interactions with
matter and also possible influence of the magnetic field
are accounted for.
For the oscillation νLe ⇐ (j⊥)⇒ νRµ probability in the
considered case we get
PνLe →νRe (x) = sin
2 2θeff sin
2 pix
Leff
,
sin2 2θeff =
E2eff
E2eff +∆
2
eff
, (87)
Leff =
pi√
E2eff +∆
2
eff
,
where
Eeff =
∣∣∣µeµB⊥ + ( η
γ
)
eµ
G˜nv⊥(1 + ε˜eµ)
∣∣∣, (88)
and
∆eff =
∣∣∣∣∆M−12
((µ
γ
)
ee
+
(µ
γ
)
µµ
)
B‖−G˜n(1−vβ)(1+ε˜ee)
∣∣∣∣.
(89)
The amplitude of oscillations sin2 2θeff in (87) is not
small, when
sin2 2θeff =
E2eff
E2eff +∆
2
eff
≥ 1
2
. (90)
Thus, we arrive to the condition
∣∣∣∣µeµB⊥ + (ηγ )eµG˜nv⊥(1 + ε˜eµ)
∣∣∣∣ ≥ ∣∣∣∣∆M − 12
((µ
γ
)
ee
+
(µ
γ
)
µµ
)
B‖ − G˜n(1− vβ)(1 + ε˜ee)
∣∣∣∣. (91)
We are in particular interested in the effect of the NSI,
thus neglecting the influence of the magnetic field we get∣∣∣( η
γ
)
eµ
G˜nv⊥(1 + ε˜eµ)
∣∣∣ ≥ ∣∣∣∆M − G˜n(1− vβ)(1 + ε˜ee)∣∣∣,
(92)
Using the approximation(η
γ
)
eµ
≈ sin 2θ
γν
, (93)
and for the resonance condition for νLe ⇐ (j⊥)⇒ νRµ we
get
G˜nv⊥
γν
(1+ ε˜eµ) sin 2θ+G˜n(1−vβ)(1+ ε˜ee) ≥ ∆M. (94)
In the case v‖ = 0,
G˜nv⊥
γν
(1+ ε˜eµ) sin 2θ+ G˜n(1+ ε˜ee) ≈ G˜n(1+ ε˜ee), (95)
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and from (94) we get
n ≥ ∆M
G˜(1 + ε˜ee)
. (96)
For definiteness we use in our estimations the values of
nonstandard parameters from [53]:
εuLee = ε
dL
ee = 0.3
εuLµµ = ε
dL
µµ = 0.005
εuLeµ = ε
dL
eµ = 0.023
thus
ε˜ee = 0.6
Finally, for the mass squared difference and mix-
ing angle taken from the solar neutrino measurements,
∆m2 = 7.37 × 10−5 eV2, sin2 θ = 0.297, the neutrino
energy pν0 = 10
6eV and moving matter characterized by
γn = 1.002 for the matter density we get
n0 ≥ 0.625× 1026cm−3. (97)
The conclusion is that the account for the NSI can soften
the demand on the density of the transversal matter cur-
rent needed for the resonance amplification of the neu-
trino spin-flavor oscillations νLe ⇐ (j⊥)⇒ νRµ .
VIII. CONCLUSIONS
In this paper we develop the quantum treatment of the
effect of the neutrino spin νLe ⇐ (j⊥) ⇒ νRe and spin-
flavor νLe ⇐ (j⊥) ⇒ νRµ oscillations engendered by the
transversal matter current that was predicted in [2] on
the basis of the semiclassical treatment of the neutrino
spin evolution in the background matter. For definite-
ness, matter composed of neutrons is considered.
Several particular cases of the neutrino spin oscillations
resonance amplifications are considered. It is shown, in
particular, that the resonance in the probability of the
neutrino spin oscillations νLe ⇐ (j⊥) ⇒ νRe can be pro-
duced by the longitudinal component of the ultrarela-
tivistic background matter current with γn ≥ γν1/2 ∼
3× 103.
The resonance amplification of the probability of the
neutrino spin oscillations νLe ⇐ (j⊥) ⇒ νRe by the lon-
gitudinal magnetic field has been also considered for an
astrophysical environment that can be realized by models
of short gamma-ray bursts (sGRB) (see [47] and [48]).
The novel effect of the neutrino spin-flavor oscillations
νLe ⇐ (j⊥) ⇒ νRµ engendered by the transversal matter
current have been also considered and the resonance am-
plification of its probability has been considered for dif-
ferent values of the matter density n0 ∼ 1026−1037 cm−3.
We also consider for the first time the neutrino spin-
flavor oscillations νLe ⇐ (j⊥) ⇒ νRµ engendered by the
transversal matter current with the nonstandard interac-
tions. The oscillation probability has been derived and
an estimation for the resonance matter density has been
obtained with use of the realistic strengths of the neu-
trino NSI.
It is supposed throughout the paper that neutrino os-
cillations proceed under the validity of the adiabaticity
condition, i.e. under the influence of constant or slowly
varying magnetic fields and matter current densities. The
opposite case (nonadiabatic regime in neutrino oscilla-
tions) requires special treatment.
For the general neutrino evolution equation,
i
d
dt
(
νi
νj
)
=
(
Hii Hij
Hji Hjj
)(
νi
νj
)
, (98)
the adiabaticity condition can be represented (see [30])
in the form
∣∣∣(Hjj −Hii) ∂
∂x
(Hij +Hji)− (Hij +Hji) ∂
∂x
(Hjj −Hii)
∣∣∣≪ [(Hjj −Hii)2 + (Hij +Hji)2] 32 . (99)
This condition can be rewritten in a more compact form,∣∣∣∆eff ∂Eeff
∂x
−Eeff ∂∆eff
∂x
∣∣∣≪ 4[∆2eff +E2eff] 32 , (100)
which, with the appropriate choice of Eeff and ∆eff
values, can be used to analyze the situation in several
specific cases discussed above. The equation (100) clearly
shows that the adiabaticity condition imposes restrictions
on changes in the strength of a magnetic field, matter
density and velocity along the direction of the neutrino
propagation.
Consider, in particular, neutrino spin-flavor oscilla-
tions νLe ⇐ (j⊥) ⇒ νRµ in an environment peculiar to
models of short gamma-ray bursts [47, 48] discussed in
Sec. IV.2. In accordance with the model in question, the
matter density of a rotating bulk may vary in the range
from ∼ 1038 cm3 to ∼ 1033 cm3 at the characteristic
distance of about 20 km. Accounting to the linear de-
pendence the matter velocity v on the neutrino traveled
distance in a rotating environment and following the dis-
cussion on validity of the adiabaticity condition in case
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of a magnetized neutron star [30], we conclude that this
condition is fulfilled along the most neutrino travel dis-
tance. The adiabacity condition can most probably be
violated in a quite narrow outer layer of the rotating
bulk δx≪ d which in turn is much thinner the oscillation
length Leff given by (70). Note that in general the origin
and strengths of compact astrophysical objects magnetic
fields are quite controversial and there are various mod-
els of magnetic fields discussed in the literature (see, for
instance [55–57]).
The developed quantum theory of the neutrino spin
νLe ⇐ (j⊥)⇒ νRe and spin-flavor νLe ⇐ (j⊥)⇒ νRµ oscil-
lations engendered by the transversal matter current and
the performed studies of different possibilities for the res-
onance amplification of the oscillations probabilities pro-
vide the conclusion that these phenomena might have
important consequences for generation and propagation
of neutrino fluxes in extreme astrophysical interments,
in particular, peculiar for supernovae. In the performed
above studies we consider Dirac neutrinos, however the
case of Majorana neutrinos can be treated in a quite
similar way. In this concern, it is interesting to recall
the statement [58, 59] that future high-precision obser-
vations of supernova fluxes, for instance, in the JUNO
experiment [60], may reveal the effect of the resonate am-
plification of Majorana neutrino spin-flavor oscillations
in magnetic fields due to the neutrino collective effect.
From the performed above studies it follows that the neu-
trino spin-flavor oscillations engendered by interactions
with the transversal environment matter current, includ-
ing possible neutrino self-interactions, can provide much
more important effects on the observed neutrino currents
in future large-volume scintillator detectors than the cor-
responding effect from the neutrino transition moment
interaction with magnetic fields.
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